To describe the outcomes of intravitreal injections of bevacizumab for choroidal neovascularization (CNV) associated with choroidal osteoma. Methods: Retrospective consecutive case series. Three eyes of three patients were studied. All patients were treated with intravitreal injections of bevacizumab for CNV associated with choroidal osteoma. Best-corrected visual acuity, central foveal thickness, tumor thickness on spectral domain optical coherence tomography, and subretinal pigmentation around the CNV were evaluated. Results: The mean number of intravitreal injections of bevacizumab was 2.0 (range 1-3). The mean follow-up time was 56.0 months (range 25-99 months). The mean LogMAR visual acuity worsened from 0.1 to 0.6. LogMAR visual acuity loss of 0.7 or worse occurred in two of three eyes. CNV was located in the subfoveal area in two eyes, and CNV was located in the juxtafoveal area in one eye. The mean central foveal thickness decreased from 407 μm to 251 μm. The mean tumor thickness decreased from 709 μm to 608 μm. All eyes had subretinal pigmentation around the CNV. Conclusion: Intravitreal injections of bevacizumab for subfoveal CNV associated with decalcified choroidal osteoma resulted in poor visual acuity.
Introduction
Choroidal osteoma is a rare benign intraocular tumor of the choroid that was first reported by Gass et al 1 in 1978 . Tumors comprising mature bone are often found in healthy young women. 2 Despite the tumors being benign, choroidal osteomas showed evidence of growth in 51% of eyes after 10 years. 3 Visual acuity loss of three lines or more and 20/200 or worse occurred in 45% and 56% of patients after 10 years, respectively. 3 Some factors resulted in poor visual acuity, such as choroidal neovascularization (CNV) and subretinal fluid attributed to retinal pigment epithelium (RPE) atrophy with choroidal osteoma. 3 CNV was related to choroidal osteoma at the 10-year follow-up in 31% of patients, 3 but the definitive management of CNV associated with choroidal osteoma has not been established. Laser photocoagulation, surgical removal of CNV, transpupillary thermotherapy, and photodynamic therapy (PDT) have been used as treatments for CNV with choroidal osteoma. [4] [5] [6] [7] However, these therapies have had limited success. Some case reports showed that intravitreal injection of antivascular endothelial growth factor (anti-VEGF) antibodies such as bevacizumab and ranibizumab was moderately effective for CNV secondary to choroidal osteoma in the short term from 4 months to 10 months. [8] [9] [10] [11] [12] However, there is little information related to examination and diagnosis of CNV related to choroidal osteoma
All patients underwent a complete ophthalmologic examination including indirect ophthalmoscopy, slit-lamp biomicroscopy, ultrasonography, spectral domain optical coherence tomography (SD-OCT; Spectralis, Heidelberg Engineering, Heidelberg, Germany) and/or RTVue-100 (Optovue, Fremont, CA, USA), color fundus photography, and fluorescein angiography. Two retinal specialists (KT and TY) evaluated the patient data. Activity of CNV was evaluated by fluorescein angiography and SD-OCT. Central foveal thickness was measured with SD-OCT. Central foveal thickness was defined as the distance between the vitreoretinal surface and the anterior surface of the RPE at the foveal area.
Measurement of choroidal osteomas
The thicknesses of the choroidal osteomas were measured over time using enhanced depth imaging (EDI) of SD-OCT (Spectralis) of the greatest lesion thickness. The greatest lesion thickness was defined as the maximum discernible distance between the innermost and outermost reflex of the choroidal osteoma. To improve the accuracy, measurements of the greatest lesion thickness with EDI-OCT for each eye were registered along the same axis. Because Spectralis was introduced in our hospital in 2011, we did not have records of EDI-OCT results before 2011. The stage of the choroidal osteoma was defined by tumor color and SD-OCT findings. The calcified region was clinically recognized as yellow-orange as a consequence of an intact RPE overlying the tumor. The decalcified region was recognized as a yellow-gray area and occurred as a result of thinning and depigmentation of the overlying RPE.
intravitreal injections of bevacizumab
Patients were treated with 1.25 mg/0.05 mL intravitreal injections of bevacizumab (IVB) (Avastin; Genentech, South San Francisco, CA, USA). Briefly, patient eyes were sterilized with povidone-iodine and injected with 0.05 mL bevacizumab into the vitreous cavity through the pars plana, 4.0 mm posterior to the limbus. Retreatment was performed at the discretion of the physician, based mainly on the amount of subretinal fluid determined by SD-OCT. The risks and benefits of IVB were explained to all patients. Approval was obtained from the Institutional Review Board of Kansai Medical University and from all patients. None of the eyes had previously received intravitreal injection of ranibizumab, pegaptanib, or aflibercept.
Main outcome measures
Best-corrected visual acuity, central foveal thickness, thickness of the choroidal osteoma, subretinal pigmentation, and clinical characteristics (eg, sex distribution and age) were evaluated.
Results
Of the three choroidal osteoma patients with CNV, two patients were male and one patient was female. The age of the patients was 33.6±19.5 years (mean ± standard deviation [SD] ) with a range of 14-53 years. All patients had a choroidal osteoma in the left eye. The follow-up time from the initial to the final visit was 56.0±38.4 months (mean ± SD) with a range of 25-99 months. The follow-up time from initial therapy with IVB to the final visit was 41.0±16.7 months (mean ± SD) with a range of 23-56 months (Table 1) .
Two eyes with choroidal osteoma had a decalcified lesion in the fovea, and the other eye with a choroidal osteoma had a calcified lesion in the fovea. Two eyes had CNV located in the subfoveal area, and the other eye had CNV located in the juxtafoveal area. The mean number of IVB injections was 2.0 (range 1-3). None of the eyes had received either PDT or photocoagulation for CNV. Their decimal visual acuity had a range of 0.7-0.9 at the initial visit and a range of 0.1-0.7 at the final visit (Table 1) .
IVB reduced the central foveal thickness in all eyes, although exudation from CNV in case 3 relapsed after treatment. The mean central foveal thickness decreased from 407 μm to 251 μm. Maintenance of visual acuity in case 1 was associated with a reduction in central foveal thickness. The central foveal thickness of case 2 became thinner after IVB. However, visual acuity worsened as a consequence of thinning of the central foveal thickness. In case 3, IVB showed a partial effect for CNV, and the central foveal thickness was transiently decreased after IVB. Finally, LogMAR visual acuity worsened and the central foveal thickness did not improve (Figure 1 ). Mean LogMAR visual acuity of all patients worsened from 0.099 to 0.618. The tumor thickness of the choroidal osteoma using SD-OCT was 709±299 μm (mean ± SD) with a range of 408-1,007 μm from the initial SD-OCT findings and 608±309 μm (mean ± SD) with a range of 305-924 μm from the final SD-OCT findings. In case 3, the choroidal osteoma was temporarily thickened after IVB. The tumor thickness in all three choroidal osteoma patients tended to decrease over time (Figure 2) .
In case 1, subretinal pigmentation dramatically appeared around the CNV. The appearance of the subretinal pigmentation was accompanied by development of CNV, and subretinal pigmentation and subretinal fluid disappeared after IVB treatment. In addition, SD-OCT showed that the retinal structure in the foveal area was not destroyed (Figure 3) .
In case 2, fundus examination revealed yellow-white lesions of approximately five disk diameters in size with a strong deposition of subretinal pigmentation below the fovea. CNV was located in the subfoveal area. Although IVB decreased the exudation of CNV and retinal edema, the retinal layer was disrupted by the RPE atrophy (Figure 4 In case 3, fundus photography and SD-OCT showed that subretinal pigmentation occurred near the CNV. The color of the subretinal pigmentation was pale after treatment with three IVBs. Similar to case 2, SD-OCT revealed residual cystoid macular edema and a disrupted retinal layer in the foveal area ( Figure 5 ).
Discussion
The main reason for visual loss with choroidal osteoma is decalcification of the tumor, because a decalcified lesion leads to CNV, disruption of the RPE, and appearance of subretinal fluid. 3 Shields et al 3 reported that CNV occurred in the bed of decalcification in four (67%) of six eyes. In our study, CNV arose from decalcified lesions in two (66%) of three eyes. We suggest that there are two possibilities for the development of CNV related to a decalcified lesion. First, decalcification of a tumor might induce disruption or thinning of the RPE, Bruch's membrane, and choriocapillaris. Indeed, we showed a decalcified lesion-induced atrophy of the RPE and choriocapillaris. Second, the retina overlying the tumor may be chronically stimulated by the decalcified lesion, and the decalcified tumor may elevate the expression of vascular endothelial growth factor (VEGF) in the retina.
It is known that IVB improves visual acuity in secondary CNV (eg, myopic CNV 14 and pseudoxanthoma elasticum CNV) 15 and idiopathic CNV patients. 16 Moreover, in earlier studies, intravitreal injections of anti-VEGF antibodies for CNV secondary to choroidal osteoma also improved visual acuity in the short term. [8] [9] [10] [11] [12] However, posttreatment visual acuity of 20/100 or worse was found in three of five reports. [8] [9] [10] [11] [12] A long-term follow-up study, which included intravitreal injection of anti-VEGF antibodies with or without PDT consolidation for CNV with choroidal osteoma, showed that the mean Snellen visual acuity improvement was one ± four lines at a mean of 32 months of follow-up. 13 Additionally, Khan et al 13 showed that resolution of subretinal fluid on OCT was achieved in seven of eight eyes. The present study showed that the disappearance of subretinal fluid was found in two of three eyes, but IVB resulted in visual acuity of 20/100 or worse in two of three eyes at a mean of 56.0 months of follow-up. Because PDT may be associated with decalcification of tumors, we did not treat with PDT for CNV associated with choroidal osteoma. We speculate that there are three possibilities for poor visual acuity in our patients. First, visual acuity may be determined by the number of injections of anti-VEGF drugs. Khan et al 13 treated patients with serial intravitreal injection of ranibizumab or IVB with a mean of 12.3 injections. However, our patients received IVB with a mean of 2.0 injections at the discretion of the physician. Moisseiev et al 17 reported that the mean vitreal half-life for IVB was 4.9 days. Thus, serial and multiple injections for CNV associated with choroidal osteoma may help to maintain good visual acuity. However, it is possible that intravitreal injections of anti-VEGF drugs infrequently caused menstrual irregularities. 18 Because choroidal osteoma is usually found in young women, it may be difficult to use serial and multiple injections of anti-VEGF drugs. Second, it can be assumed that the stage of a tumor is also associated with the outcome of visual acuity. Shields et al 19 examined 22 cases of choroidal osteoma and reported that decalcified subfoveal choroidal osteoma was associated with poor visual acuity. Although IVB decreased exudation of CNV, decalcified choroidal osteoma damaged the RPE and choriocapillaris. Thus, IVB for CNV with decalcified choroidal osteoma may have limited efficacy. Third, the location of the CNV may be associated with poor visual acuity. The present study showed that two eyes with CNV were located in the subfoveal area. Subfoveal CNV is likely to disrupt the retina at the foveal area more than juxtafoveal CNV. Consequently, our patients were likely to have poor visual acuity.
The predictive factors for CNV in patients with choroidal osteoma include an irregular surface on the tumor and subretinal hemorrhage on the tumor; the relative risks of these factors were 10.6 and 15.1 in multivariate analysis, respectively. 3 In our series of three eyes with choroidal osteoma, all eyes had these factors. Furthermore, our study presented new information on subretinal pigmentation around the CNV in choroidal osteoma. To the best of our knowledge, this is the first report that CNV associated with choroidal osteoma may be implicated in subretinal pigmentation. We postulate that subretinal pigmentation around the CNV may be the result of phagocytized pigment by macrophages. Macrophages are innate immune cells that play a broad role in host defense and the maintenance of tissue homeostasis, and are especially common in trauma and inflammation. 
436
Yoshikawa and Takahashi showed that macrophages exist in the retina overlying the tumor. 21 Because a decalcified osteoma was associated with inflammation in the choroid and retina, it is possible that Müller and microglial cells of the retina secreted inflammatory cytokines such as interleukin (IL)-1, IL-6, IL-8, tumor necrosis factor-α, and monocyte chemotactic protein-1. 22, 23 Macrophages induced by these inflammatory cytokines may migrate to the retina and phagocytize pigments derived from a destroyed RPE. 24 The thickness of the choroidal osteoma was measured with ultrasonography and EDI-OCT. Some studies have shown a mean thickness of 1.2-1.4 mm and 921 μm by ultrasonography and EDI-OCT, respectively. 3, 25 However, there has been no report of time-dependent tumor thickness changes. The present study showed that mean tumor thickness decreased from 709 μm to 608 μm at a mean of 41.0 months of follow-up. We previously reported that the calcified region of the choroidal osteoma became more contractive than was observed on the first visit, and the decalcified region was wider than was observed on the first visit. 26 Progression of the decalcified tumor gave rise to contraction of the calcified region of the tumor. Therefore, decalcification of the tumor may decrease tumor thickness.
The limitations of our case series included relatively few patients and the use of a retrospective study because of the very rare type of tumor. Additionally, we lacked a definitive treatment protocol for every patient.
Conclusion
In conclusion, IVB for subfoveal CNV with a decalcified choroidal osteoma may have a limited role. Subretinal pigmentation with CNV as a result of a choroidal osteoma is an important marker. Hence, clinicians must note particularly the occurrence of secondary CNV when examining the appearance of subretinal pigmentation around the foveal area. In the future, larger studies could help elucidate the efficacy of anti-VEGF drugs for CNV in cases of choroidal osteoma.
